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Histone H2B repression (HBR) domain regulates cell cycle progression and DNA 
damage response in the yeast Saccharomyces cerevisiae
Kaitlyn Galliher and Dr. Michael Parra
Department of Chemistry, Susquehanna University, 514 University Ave., Selinsgrove, PA 17870
In eukaryotic genomes, DNA is packaged with a group of proteins called histones to form
chromatin. The basic repeating subunit of chromatin, the nucleosome core particle (NCP), is
made up of two copies each of the canonical histones H2A, H2B, H3, and H4. Though
compaction allows large amounts of DNA to fit into the relatively small space of the nucleus,
it establishes a physical barrier to the DNA template. Because of their close association with
DNA, histones play integral roles in DNA-templated processes (e.g. transcription, DNA
repair, and DNA replication). The N-terminal domain of histones H2B (amino acids 3-37)
makes close and intimate contact with DNA and has been shown to repress the transcription
of a large set of genes in the yeast genome. Indeed, the relevant residues on H2B comprise a
small portion of the N-terminal ‘tail’ (amino acids 30-37). This domain is termed the histone
H2B repression (HBR) domain. Previous studies have implicated these domains in regulating
transcription as well as the cellular response to DNA damage. Here we define a novel role for
this domain in regulating cellular division, DNA double-strand break repair, and DNA
replication.
Figure 2: Cells for WT, mutant H2B Δ3-37 , and mutant H2B Δ30-37 were grown to log
phase in liquid YPD medium. Cell growth curves display substantial delays in growth for
H2B mutants compared to WT, suggesting the deletion of regions of the HBR domain leads
to issues with cell cycle progression.
Figure 1: The HBR Domain
Figure 1: A. The HBR domain, pictured in blue, is linked to the repression of many genes
in the yeast genome. 1 B. Residues 30-37, which comprise the HBR domain, are highly
conserved among yeast, humans, and other organisms. 2 Mutant strains analyzed in this
project had regions of the HBR domain deleted, compared to the wild type (WT) with all
residues present.
• Sensitivity to hydroxyurea was identified in HBR domain mutants (Δ30-37 and Δ3-37), 
suggesting issues with cell cycle progression.
• NOP7 expression is downregulated significantly in mutants after exposure to hydroxyurea, 
when compared to the untreated mutants.
• HHT1 is downregulated in both untreated mutants, but is greatly upregulated after exposure 
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Figure 5: Yeast cells were grown to log phase in liquid YPD. Hydroxyurea was added to treated
cell trials to a concentration of 65 mM and incubated for 90 minutes. Cells were spun down, and
the RNA was isolated from triplicate samples of treated and untreated strains. RT-PCR (Figure
5A) was used to identify the expression of genes in samples that peak in different parts of the cell
cycle. The bands were quantified according to ACT1 as a standard. ACT1 was chosen due to its
relatively constant expression throughout the cell cycle. Between untreated and treated cells, the
expression of NOP7 in both Δ3-37 and Δ30-37 strains was noted to be changed. The gene was
downregulated after exposure to hydroxyurea but upregulated before exposure. Hydroxyurea
inhibits RNR1, which leads to DNA damage defects. Because RNR1 expression was not altered
(Figure 5A), the effect we are seeing is likely due to cell cycle defects, and not DNA damage
response defects. RT-PCR was used to look at two genes that peak in S phase (Figure 5B). A gene
that peaks in G2 (Figure 5C) was looked at as a control to verify that mutants specifically had
issues with S phase. Between untreated (Figure 5D) and treated (Figure 5E), there is upregulation




Figure 2: HBR mutants display a slow growth phenotype
Figure 4: The cell cycle progression of HBR mutants is altered
Category of bud size Size comparison to parent 
cell
Stage of cell cycle
Unbudded Not present G1
Small 1/3 of parent size End of S-phase
Medium 2/3 of parent size M-phase 
Large >2/3 of parent size Late M-phase / Cytokinesis 
A.
B.
Figure 4: A. The cell cycle takes approximately 90 minutes in yeast cells. Progression through
the cell cycle may be visualized by the size of buds off parent cells. B We chose to complete a
budding assay on untreated (Control) strains and strains that were arrested with hydroxyurea before
being washed and grown over time (0 hours, 1.5 hours, 3 hours). C. The expression of certain
genes are noted as peaking in different phases of the cell cycle. We chose to analyze the expression
of these genes in WT and HBR mutant strains with and without treatment with hydroxyurea in
order to assess gene expression in these situations, giving insight as to the cells’ phase locations in
the cell cycle. 3,4,5,6
Figure 3: HBR mutants are sensitive to Hydroxyurea
Figure 3: A spotting assay was performed with WT and mutant strains on YPD plates with
varying concentrations 6-azauracil and hydroxyurea. Strains of deletions Δ30-37 and Δ3-37 were
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Control
WT D 30 - 37 D 3-37
Gene​ Normal Peak​ Expression in asynchronous cells 
Δ3-37 mutant​
Expression in asynchronous 
cells Δ30-37 mutant​
CLN2​ G1​ 0.836​ 0.590​
HTA1​ S​ 0.9737​ 1.03​
SWI5​ M​ 1.057​ 1.07​
ASH1​ M/G1​ 1.326​ 1.05​
RNR1​ G1​ 1.15​ 0.56​
RNR2​ N/A​ 1.3​ 2.00​
RNR3​ G1​ 0.99​ 0.99​
RNR4​ N/A​ 0.85​ 1.12​
NOP7​ N/A​ 3.99​ 1.00​
NRM1​ S​ 0.924​ 0.728​
CLB4​ G2​ 1.20​ 1.02​
CLN3​ M​ 0.64 0.61​
CLN1​ G1​ 0.74​ 0.62​
C.
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